INTRODUCTION
Recent attempts to provide a non-cultural diagnosis for gonorrhoea have included the detection of antibodies against gonococci (Buchanan et al., 1973; O'Reilly, Welch and Kellogg, 1973; Oates et al., 1977) as well as the detection of gonococcal components such as deoxyribonucleic acid (Janik, Juni and Heym, 1976; Sarafian and Young, 1980) , endotoxin (Spagna, Prior and Perkins, 1979; Young, Sarafian and McMillan, 198 l) , and surface antigens (Thornley et al., 1979) . Although these studies have met with only limited success, a reliable non-cultural method remains a worthwhile goal in gonococcal research.
An indirect sandwich enzyme-linked immunosorbent assay (ELISA) system described by Drow, Maki and Manning (1979) for the detection of Haernophilus influenzae type B capsular antigen in clinical specimens was found to be highly sensitive and specific. The aim of the present study was to assess the feasibility of detecting various gonococcal antigens by an ELISA system. indicated: LPS (25 pg, 12.5 pg, 6.25 pg and 3.12 pg); whole-cell GCFT antigen (from a dilution of 10-1250 in a series of fivefold dilutions); OM complex (5-0.4 pg protein in twofold dilutions). Rabbit antiserum was serially diluted twofold to determine the antibody titre with LPS, and serially diluted fivefold for testing against whole-cell GCFT antigen and OM complex.
Anti-rabbit IgG conjugated to alkaline phosphatase (Miles laboratories Ltd, Stoke Poges, Slough, Bucks) was used at a dilution of 1 in 400, and the substrate p-nitrophenyl phosphate (Sigma) was used at a concentration of 1 mg/ml. Antigen was diluted in 5 0 m~ carbonate buffer pH 9.6 containing sodium azide 0.02% (w/v). Rabbit antiserum and alkaline phosphatase conjugate were diluted in PBS pH 7.4 containing Tween 20 0.05% (v/v) and sodium azide 0.02% (w/v). Controls were set up lacking one or more of the following: antigen, rabbit antiserum, conjugate or substrate. Extinction values were read at 405 nm on a TitertekR Multiskan (Organon Teknika, Teknika House, Cromwell Road, St Neots, Huntingdon, Cambridgeshire PE 19 2EU) . Serial doubling dilutions of the OM complex preparation from N. gonorrhoeae strain 9 (protein concentration of 1 mg/ml) were used to coat the wells over a range of dilutions from 2 to 32 768, corresponding to 25-0.003 pg of protein. Homologous rabbit serum and conjugate were used at dilutions of 1 in 5000 and 1 in 400 respectively.
Indirect sandwich ELISA.for the detection of N . gonorrhoeae was essentially as described by Drow et al. (1979) . Polystyrene balls (0.25 in., c. 0.6 cm) with frosted finish, RIA grade (Euro-Matic Ltd, Maycrete House, Boston Manor Road, Brentford, Middlesex) were armed with mouse antiserum, raised against whole untreated cells of N . gonorrhoeae strain 9, by immersion in antiserum diluted in 50 mM carbonate buffer pH 9.6, containing sodium azide 0.02'x (w/v). Incubation was for 4 h in a shaking incubator at 37°C and thereafter static at 4 'C overnight. Supernatant fluid was removed by suction with a pasteur pipette and the balls were washed three times with 0-15 M NaCl containing Tween 20 0.05% (v/v). The washed balls were then immersed in 10% (v/v) fetal-calf serum (FCS) in PBS pH 7.4 with sodium azide 0.2% (w/v) and thereafter incubated at room temperature for 1 h. The FCS was then removed by suction, and the balls placed on gauze in petri dishes for rapid-drying. The armed balls were stored at 4 c.
On the day of the assay, armed balls were placed in glass tubes (72 x 12 mm; one ball per tube). For antigen capture, 300 pl of antigen in PBS pH 7.4 containing Tween 20 0.05% (v/v) and sodium azide 0.02% (w/v) was added to each tube. After incubation in a 4°C water bath for I h, the balls were washed three times. Captured antigen was recognised by the addition of 300 p1 rabbit anti-strain 9 serum diluted in PBSpH 7.4, containing Tween 20 0.05% (v/v) and sodium azide 0.02% (w/v).
After washing as before, 300 p1 of anti-rabbit IgG conjugated to alkaline phosphatase, diluted in the same buffer as that of the rabbit antiserum, were added to each tube. After incubation at 40°C for 1 h, the balls were washed as before and transferred to clean glass tubes; 300 p1 of the enzyme substrate (1 mg/ml solution of p-nitrophenyl phosphate in 5 0 m~ carbonate buffer pH 9.8, containing 1mM MgC12) were added to each tube. After incubation at 40°C for 1 h, the solutions were quickly transferred to a microtitration plate, and the extinction values read at 405 nm on a TitertekR Multiskan.
Negative controls were set up in duplicate with every experiment; they comprised antigen diluent instead of antigen and were otherwise treated in the usual manner. The assay is represented schematically in fig. 1 .
Determination of suitable levels of antibody for 'arming' and 'recognition'. Three sets of polystyrene balls (24 per set) were armed with mouse anti-strain 9 serum at dilutions of 1 in 100, 200 and 300. Rabbit anti-strain 9 serum at dilutions of 1 in 2500 and 5000 and conjugate at a dilution of 1 in 400 were used in the assay.
N. gonorrhoeae strain 9 OM complex (protein concentration 1 mg/ml) was serially diluted in fivefold steps to determine the minimum amount of protein detectable with the various dilutions of the 'arming' and 'recognition' antisera.
Speczjicity and sensitiaity of the assay with O M complex preparations. The polystyrene balls were armed with mouse anti-strain 9 serum at a dilution of 1 in 300. Rabbit antiserum and conjugate were used at dilutions of 1 in 2500 and 1 in 400 respectively.
Eflect of O M complex protein concentration on extinction value in direct ELISA.
Incubation was at 4 0 T for 1 h. The specificity of the assay and the minimum amount of OM-complex protein detectable with this system were determined in tests with doubling dilutions of OM-complex preparations (protein concentration of 1 mg/ml) derived from N. gonorrhoeae strain 9, ten clinical isolates of N. gonorrhoeae, N. meningitidis serogroup B, S. agalactiae, B. bivius and E. coli.
Negative controls consisted of armed balls treated in the same manner except for the use of antigen diluent instead of antigen. Detection of whole-cell antigen in u sirnuluted clinicul specimen. The overnight growth from a plate culture of N . gonorrhocue strain 9 on GC medium was suspended in 1 ml of physiological saline. A viable count on GC medium was immediately done on 1OOpl of the suspension. After the suspension had been held at room temperature for 2 h, 100 pi of 500m~ phosphate buffer pH 7.4 containing NaClO.SS% (w/v), Tween 20 0.5% (v/v) and sodium azide 0.2% (w/v), were added to the 0.9 ml of suspension; the 10 x concentrated buffer (antigen diluent) was therefore diluted tenfold, bringing it to its usual concentration. To the 1 ml of suspension an equal volume of Sputolysin (Calbiochem-Behring Corp., La Jolla, CA 92037), was added and the mixture serially diluted tenfold; 300 pl of each dilution were added to an appropriately labelled tube containing one armed ball, and the assay was done as described. Negative controls consisted of balls treated in the same manner except for the use of antigen diluent instead of antigen.
RESULTS

Direct ELISA: activity of rabbit antisera against L P S , whole-cell GCFT antigen, and O M complex
The LPS extracted from N . gonorrhoeae strain 9 consisted predominantly of carbohydrate with a low content of protein. The ratio of carbohydrate to protein was approximately 15 to 1 . The OM-complex preparations consisted predominantly of protein with a low content of carbohydrate. The ratios of protein to carbohydrate were within the range of 8-12 to 1.
The ELISA extinction values obtained with negative controls varied within the range of 0-1-0-45. To obtain a distinct cut-off point, a value of 0.9 was chosen as the endpoint. Antibody titres are expressed as the highest serum dilution at which this endpoint was reached.
The highest titres of the rabbit antisera obtained with each series of antigen concentrations are shown in table I. The high antibody titres obtained with the antiserum raised against N . gonorrhoeae strain 9, with either homologous or heterologous OM-complex antigen, prompted its use in subsequent experiments.
The effect of strain 9 OM-complex protein concentration on extinction value in the direct ELISA system with homologous rabbit antiserum is shown in fig. 2 . There was no further increase in extinction value beyond an antigen level of 0.78 pg of protein.
Consequently, a tenfold dilution of the OM complex which corresponded to 5 pg protein per well was chosen for subsequent experiments; this allowed economic use of the antigen at a level well within the plateau.
Antibody titres of rabbit anti-strain 9 serum against homologous and heterologous OM complex preparations are shown in table 11. If 100% activity corresponds to the antibody titre obtained with homologous OM complex, the relative activities obtained with the heterologous OM complexes were as follows: 100% (four gonococcal isolates); SO(;/, (five gonococcal isolates); 25% (one gonococcal isolate and N . meningitidis serogroup B); 12.5% ( N . lactamica and N . perflava), and 6.25% ( N . pharyngis).
Indirect sandwich ELISA for the detection of N . gonorrhoeae O M complex antigen
The extinction values obtained with the negative controls varied within the range 0.35-0.47. To obtain a distinct "cut off" point, a value of 1.0 was chosen as the endpoint.
Various dilutions of mouse and rabbit anti-strain 9 sera were used to determine the S. K . SARAFIAN AND H . YOUNG most suitable levels of antibody for "arming" and "recognition". The minimum amounts of homologous OM complex detectable in these conditions are shown in table 111. Mouse and rabbit antisera at dilutions of 1 in 300 and 1 in 2500, respectively, were chosen for subsequent experiments; this allowed economic use of the mouse antiserum. Table IV shows the minimum amounts of OM complex protein from 10 clinical 
Detection of whole-cell antigen in a simulated clinical specimen
The suspension of N . gonorrhoeae strain 9 contained 4.9 x lo7 cfu/ml. When 0.9 ml was made up to 2 ml with 100 pl of the 10 x concentrated buffer and 1 ml of sputolysin, the suspension contained 2.2 x 1 O7 cfu/ml. Because 300-pl volumes from serial tenfold dilutions of this suspension were used in the assay, and a positive result obtained up to a dilution of lo3, the minimum number of organisms detected corresponded to 6.6 x lo3 cfu.
DISCUSSION
Our direct ELISA results indicate that rabbit antiserum raised against whole untreated cells of N . gonorrhoeae strain 9 can be used to detect a variety of antigens from several gonococcal strains.
In spite of the location of LPS on the outermost aspect of N . gonorrhoeae (Johnston and Gotschlich, 1974; Wolf-Watz et al., 1975) , the rabbit antiserum gave very low titres when ELISA plates were coated with this antigen. These results are in agreement with the findings of Perry, Diena and Ashton (1977) who have shown that LPS is a poor immunogen in many animals, including the rabbit, and gives rise to a significant antibody production only in hens. Furthermore, poor binding of LPS to polystyrene has been demonstrated by Ito et al. (1980) in ELISA experiments with 5'Cr radiolabelled LPS as an antigen; satisfactory adsorption was achieved when Mg+ + was added to LPS. Consequently, the low titres obtained in the present study with LPS as antigen presumably reflect the antigenic heterogeneity of 0 side-chains, poor binding to polystyrene and relatively poor immunogenicity in the rabbit.
Poor binding is also the most likely explanation for the low titres obtained when whole-cell (GCFT) antigen was used in the direct assay; the antibody titres remained lower than those obtained in the GCFT. Most antigens adhere to polystyrene surfaces by physical adsorption, and antigens used for ELISA are soluble (World Health Organization, 1976) . The GCFT antigen consisting primarily of whole cells was insoluble and may have been unable to adhere to the polystyrene surface during the washing stages. Recently, it has been shown by Ison, Hadfield and Glynn (198 1 ) that whole cells can be attached to polystyrene by poly-L-lysine.
The most satisfactory direct ELISA results were obtained when OM complex rich in protein was used as antigen. These results confirm the evidence presented by other investigators for adequate binding of protein to polystyrene (Brodeur, Ashton and Diena, 1978; Glynn and Ison, 1978; Poxton, 1979; Young and Low, 1981) . With homologous OM complex, the antibody titres of the anti-strain 9 and anti-strain 82409 rabbit serum were 15.3 and 12.2 times higher than when determined by GCFT. Because protein was the major component of the OM complex preparations, the high antibody titres obtained also indicated that OM protein is a major antigen eliciting an antibody response in the rabbit.
When the antibody titres of the two rabbit antisera were determined against their respective heterologous OM-complex preparations, the titres remained unchanged; that of the rabbit anti-strain 9 was higher with both homologous and heterologous (strain 82409) OM complex. Presumably, the common gonococcal antigens are better exposed on the whole cells of N . gonorrhoeae strain 9, thus provoking a greater immune response in the immunised rabbit. This is in agreement with the view that N . gonorrhoeae strain 9 possesses antigenic features that might be quantitatively or qualitatively specific to gonococci (O'Reilly et al., 1973) . Our results with the direct ELISA system and the indirect sandwich ELISA confirm these findings (tables I and IV).
When the indirect assay was performed with a simulated clinical specimen containing N . gonorrhoeae strain 9, a minimum of 6.6 x lo3 cfu (or 2-1 x lo4 cfu/ml) could be detected. Quantitative data on gonococci in genital secretions is limited to the work of Lowe and Kraus (1976) who found that the number of gonococci in cervical-vaginal aspirates from 52 women with gonorrhoea ranged from 4.0 x lo2 to 1.8 x lo7 cfu (mean = 1.45 x lo5 cfu) present in the original 10-ml aspirates. Because our ELISA system appears to be able to detect gonococci within this range, further evaluation of the system with vaginal and cervical aspirates from infected patients is merited.
The cross reactivity observed with OM complex from N . meningitidis would not significantly limit the value of the assay in detecting ano-genital gonorrhoea because meningococci are relatively rare in the urogenital tract and anal canal (Givan, Thomas and Johnston, 1977; Blackwell, Young and Bain, 1978) . However, in view of the occurrence of meningococci in the throat of all patients and their not infrequent occurrence in the rectum of homosexual men (Chapel, Gatewood and Keane, 1977) , such an assay would be unsuitable for examining material from these sites.
